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CAT SCRATCH DISEASE: RESULTS OF COMPLEMENT-HXATION
AND SKIN TESTS

Serologic and skin-testing data @n a group #f patfents havhig ca® seratch 8soase
are presented to demonstrate a possible gelationshlp to the psttt-LGV group of viruses,
In addition, the results of skin-testing patfents with dlfferent batches of skin-test
antigen are given, .

. THe data obtained ¥ndicate that the ncldence of posttlvg serologls reactions Wity
the peitt-LGV group antigen Ys consistently higher tn patfents with cat scratch dlsease
than n individuals of the contro! groups However, the percentage of postilve
reactions is not what would be expected frong &ny direct etiologic causal gelationship,

The response of groups of Indivlduals te dfferent preparatlons of skin-testhng
antigen was so variable as to suggest that «cither more than one agent may be
involved or marked strain variations must occur among the agents producing thts
clinical syndrome. In a small series of LGV patients, 2 of 5 did not respond with
positive skin reactions when tested wtth cat scratch antigeny and at least & of the

remaining 3 responded th a manner difficult to Interprets

. .

It is now apparent that the clinical syne
drome referred to as cat scratch disease (CSD)
or fever’ (nonbacterial lymphadenitis, benign
inoculation lymphoreticulosis, etc.) is, of cone
siderable importance, Since its recognition In
1932 by Foshay, an increasing number of cases

have been reported. Recent description of °

several large patierft® series emphasizes the

fact that the disease s more prevalent than

was originally considered (1-4)m.Furthermore,
it is now conceded that cat scratch disease,
because of its extreme protean nature, is often
fot recognized as a specific entity but is
frequently confused with other clinical syne
dromes—especially those producing a lyme
phadenopathy, . o
®

Most investigators are of the ofiinion that
this disease is of viflal etiologys Confirmation
of this consideration remains obscure, howeverg
Mollaret and his associates (5) reported the
successful transmission of the disease to hue
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mans and monkeys by tnoculatfon of lymph
node material from cases of CSD, Zwissler
(cited by Warwick and Good (6)) Indicated ,
that the disease could be reproduced‘tn humana *
with material ffom suppurative nodes, The
ability to produce positive skin eactions In cat
scxatch patfents with material passaged in. rag

testes and ¢hick yolk sacs was also Indicateds ;

More recently the presence of & #vlral hemage
glutinin? wds described: and Ysolation of an
agent'suggested (7). Few of the investigatorg
have been guecessful {n thelr attempts to isolate
the virus,

It has Yeen advocated tha} the Incliing
agent of CSD belongs to the psittacosis-lymphow
granuloma venereurp (psitt=LLGV) group of
virusess Thus, Mollaret et al, described the
productforr of Inclusion bodies 1dentica] with,
those descrtbed for pgittacosls, Kaltex an®
associates {3} #were, howevery ynable to cone
Jirm the occurrence of intracytoplasmiq inclu-
sions, Daeschney gb ol (13 referred.ie thg

[
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feline pneurtdnitls visu® as o passwfc fatlor
™ causation of .CSD,

Relationship with the .psitt-LQY group of
®iruses has also hean postulated on-the basls of
e complement-fisgation (CF) lett, by use of
& group anligen. Appareplly there I dls.
sgreement In reswlts, or more seguratdly in
{ntarpretatlon of sosulls, when employlng the
O test for dlagnostlc assistangs, Mellared
and hia group, wsing iygranmm® as the test
antigen, found that 46.5 percans of their eat
scratch patlants Yesponded with Utars of 1210
or higher in the CF tast. Armstrong et al. (8)
questioned the significance of these tltara, a)-
though thety own data showed 2 greater pers
cantage of positlves amang patlants having
cal soratch d!seau than was fouad In control
groups.

n a study of €D fn Now Zealand, Manning
end Rold (93, using 8 Iygranum® antlgen,
substantlated the correlatlon between pomt!ve
_—_— eal scratch skl tests and postilve skln Tree

. Aactions, Ina serlesof 35 patfents with positive
skin reactlons, these Investigators found 23 perw
o . eent posltive response (iltays of 148 or higher).«
There ware so posftive CF reactlons among
. , 44 patients reacting megatlvely to ‘the eat

. geratch skin test, and ouly 2 percent’of 50 cone,
. trol serume, oktalned from normal bload donofs,
. 2 ' ghewed any’ mdenoe of antibody, Spaulding
T . « #nd Hennessy .(4)- similarly’ found that about
. 40 percant (14 of 89) of thefr patlents ree
#ponded, with pos!tive CF reagtions. A control
&roup of 120 persons failed to.dehmonstrate any
. « antibody to the tes{ antlgen Morrissey (10)
' found, 7 ¢f"10 positive skin reactors and 2 of
. - 8 persong with negative skin-test reactions (o
have titers of 1332 or greater to this zroup

* +  sutlgen,

S

° ', . Agreement !s more uniform regarding the
##e of tha skin test in diagnosis and its relatione
8hip to this illness. Theg skin test seemingly 1s
the most speclfic test available, although Ine

* frequent false reactions are encounterady
Unfortunately, the skin test s not without its
#hortcomings. IndMiduals remain pesitive for
Sasny years, @robably for life. This introduces
@ potential error, although it 18 advocated that
$he skin test be used to help establish diagnosis

eeperse

&

»
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gnlywhen thege igalsca clearly defined clinieal

picture, In additlon, it is mow evident that
petients vary greatly fn thelr reaction to dif-
ferent proparatlons ¢f skin-testing antigen.

This study +was Mitfated o ascertain the
velue of the CP* test as a laboratory aid in
making & dlagnosls of CSD, An attempt wag
madae =10 to evaluate the dlagno:txc signifie
caneg of skn-testing antigens by the simnultae
peous tasting of a single patient with different
prepaxalions of entigen,

MATRERIAY, AND METHODS

In order o gbtatn sufficiznt material for
sarglogie avaluatlon of the CEB test and mass
skin testing, a progmam supplying physicians
with gkin-testing antigen was instituted. In
return, the following information and mate-
tlala ware requesteds

1. Aze of patlent,

2 Pxteni of adenopathy.

8, Igewmbatlon perlod (Le., tlme of appearance of
.sdenopathy In relatfon to associbtion with cats).

4. Occuszence of dlsease In any other member of
Qe famlly, °

& Actic and eonvalescant blood sampless
8, Results of skIn tests
% Buppurasive matcrial, If available.

As 4 result of this program, antigen was
preparsd 1n quantity sufficient for testing
sevaral thousand patients. In many instances
the requests werg ignored, with subsequent loss
of desired information and material.

Thg data reported here were accumulated
from 130 acute and convalescent serums repre-
genting this number of ®patients and 40 single
cqnvalescent serums. A wontrol group of
200 serums from untested individuals, selected
to give only comparable age groups, was in-
guded. Approximately 75 percent of the study
group were children; the remaining serums-
were derived chiefly from young adults, and
a few from older people. Since age did“not



appear to have any direct relationship to the
results reported here, no attempt was made

-to.separate.the teat groups,

St;i'ology'

All serums were inactivated at 56° C. for
one-half hour and tested in the CF test
routinely employed in. this laboratory. A
psitt-LGV group antigen was used at its opti-
mal dilution as predetermined in a box titra-
tiony, Concurrent titrations with control serum
insured the maintenance of antigen titer.
A final test volume of 0.6 ml. was obtained by

~ positive,

employing 0.1 ml. quantities of each reagent '

except complement, which consisted of 2 units
in 0.2 ml. A number of serums were retested
in modifications of the CF test without altera.
tion of results.

Skin-testing antigens

Approximately 30 different batches of anti-
gen (prepared similarly as the Frei antigen)
have been made and distributed. These anti-

. gens, after sterility tests in the usual bacterio-

logic media and mice (suckling and adult),
were stored in rubber-stoppered vials at 4° C.
Many of the preparations were still active after

storage in this manner for at least three years.

Sterility tests for possible inclusion of
hepatitis virus are not available,
of all donors for a history of hepatitis remains
the only known protective device against this
group of agents. The possible use of ultra-
violet irradiation for sterilization has not been
studied.

Before a new lot of skin-testing antigen
was introduced, it was tested simultaneously
with a known preparation. Variations in
erythema-producing capabilities were frequent-
ly encountered. Two lots were discarded
because they did not produce a recognizable
area of erythema when tested along with
antigens known to be positive.

Skin tests were performed by inoculating
0.1 ml. of antigen intradermally into the fore-

¥

Sereening,

arm. Readings were made at 24 and 48 hours,
a8 variation in time of appearance of reaction
‘has -beeri repeatedly encountered.  Any area
“of erythema, regardless of size, was considered
Induration alone, on the other hand,
wag considered of questionable significance.
Immediate reactions, which did not persist,
were considered negative,

RESULTS

Serologic

All serologic tests were performed without
prior knowledge of the skin-test results. When
quantities permitted, serums were tested in
two . different serology laboratories, where
similar results were obtained.

Of the 130 pairs of acute and convalescent
serums tested with the psitt-LGV group anti-
gen, 6 showed a fourfold or higher rise in
CF antibody (takle I). There were 4 patients
that demonstrated increases of doubtful signifi-
cance in antibody titers. Twenty-four other
patients manifested titers, 12 of which were at
the level of 1:4. In contrast, 96 patients failed
to exhibit detectable antibody to this antigen.
The results obtained by testing the 40 single
specimens were approximately the same as
with the paired serums. Three percent (6 of
200) of the control serums indicated CF anti-
body to this group antigen, and these were
all at either the 1:4 or the 1:8 level.

The titers observed in individuals exhibiting
antibody responses are difficult to interpret.
Of the 24 patients with antibodies but no rise
in titer, only 2 had titers of 1:64 and these
were both in the acute phase specimen
(table II). Drop in titer between acute and
convalescent phase specimens was shown more
often than increased titers, It is evident that
the antibody response, as determined by using
a psitt-LGV group antigen, is of low order.
Although not indicated, the titers of individuals
developing & fourfold or higher antibody
response were also rather low (i.e., ranging
between 1:8 and 1:64).



TABLE I ¢

Complement-fization results on sérums from patients with
cat scratch disease (positive skin reactions)

: Nuniber
Number Number Number with Number
tested with 4-fold doubtful stationary » without
rise rise antibody antibody
A

Paired serums 130 6 4 24 96
(48%) {8.1%) (18.8%) (73.8%)

Single serums 40 X 0 10 30
(25%) (75.0%)

Controls* 200 X 0 [} 194 .

(3.0%) (97.0%)

*Randomly selected serums from individuals not skin tested with cat scratch disease antigen.

.
Ed

TABLE II

Complement-fization titers of serums
demonstrating no rise in titer

CF titer* ’
<4 4 8 16 84 Total
Paired serums
Acute 2 12 0 8 2 24
Convalescent 8 ) 12 0 4 .0 24
Single serums 0 7 1+ 2 0 10
Controls 194 4 -2 0 0 200

*Reciproesl of dilution.

Skin tests

The results of comparative skin-test studies,
with different batches of antigen, indicated a
wide variation in response (table I'lI). Among
4 patients simultaneously tested with antigens
1 and 2, positive reactions were shown by
3 patients and 4 patients, respectively
(group 1). A similar observation was made
on b patients tested with preparations 2 and 3
(group 2). Three patients tested with anti-
gens 1 and 8 (group 3) reacted as follows:
one was positive with No. 1 and negative with
No. 8; the second patient demonstrated the
reverse of ¢his (i.e,, he was positive with No. 3
and negative with No. 1); and the third pa-
tient was positive with both antigens. Two

4

>
LR 4

patients (group 4) were tested with No. 6;,
one of these was tested also with No. 2, and
the other, with No. 5. Both of these individuals
were positive to No. 6 but negative to the
other antigdn, “

Another test group (group 5) consisted of

4 volunteeps who were simultaneously tested

with four different lots of antigens. These
tests were made in the usual manner, two
inoculations were given on each arm but with-
out any predetermined area for any particular
antigen. All 4 patients reacted in a positive
manner, although differences in sizes of re-
actiopis appeared to three‘ of the antigens
(Nos. 5, 6, and 8) ; however, 2 of the patients
were negative to fest antigen 8.

Results of test groups 6 and 8 show how
extreme the variation can be in reaction to
the different lots of antigens. One antigen,
No. 7, was consjstently negative on 10 of 12
patients. Positive reactions were observed
only on the donor of the suppurative material
and on another completely unrelated patient.
Antigen 8 was positive in 10 cases but negative
on the 2 patients reacting with antigen 7. Five
patients tested with antigens 7, 8, and 10
reacted only to Nos. 8 and 10 (group 7).
Equally indicative of the variation in response
to different skin-test antigens were the find-
ings with Nos. 10 and 11. After assuming that
lot 10 was satisfactory (based upon results
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TABLE, 11}
Sk¥n-test reactions to preparations € antmm jrom

szerent patzentv
[ o . " o S ]
Topt Antfgen pteparatfdi: )
o group* t 2 8 8 8 9 & 2 li, .
. o B 8} 44 )
2 418 815
s o/® o/ )
! o os 23
s 244 418 4 44
o 6 2112 10718
] 8% /8 I8
8 . /25 23428
: Tots | 5/ 810 /1% 4/5 6/8 /17 19f21 150 23,25 ’

*Each test group 'was simultanecusly terted, witly the designated antfgen preparpe

tions. See text for full explanations

® tNumerator represents number of lnﬂMduah *imq denomhmtor Yepresenty

number of Indffiduals testeds .

»
-

, obtained with antlgens used #n test group 7),

. we tested 25 patients with antigens-10 and 11°

mmultaneously (group 8)s Of the 25 patlents
"in the group, 4 were positive with both No, 10
and No, 113 23, inclyding the 4 positive with
No, 10,.were positive with No, 11§ and 2 pa~
tients were positive fo No.. 10 but negatlve to
+No. 1'1.! : .

: Intefpretatfon of these results Is difffcult,

. and no reasonable conclusion can be drawn.

It may be noted'that all antigens were tested
in at least two diffqrent groups. In most ine
stances, good. correlation between antigens
from different patients was obtained however,
certain exceptions were noteds Although, as
indicated above, any reactlon, vegardless of
size of erythematous ares, {s ¢onsidefed posie
tive, it Y5 obvidus that extreme variations In
size of reaction may bq encounteredg In certaln
instances, patlents responded with barely
detectable wheals {measurable In millimeters)y
while others reacted to a more marked degree..
Large erythematous reactiongy measured tn
centimeters or even Inches, were *frequently
noted. Not infrequently, a reaction similar to

- ®

* L4

e

that observed at the site of tha scratch (ie.,
the development of a papule) was seems These
at #mes may leava a pgrmanent scar at the
8lte of the skin test, It is highly probabla-that,
in most Instances, Individual differences {n
gensitivities accolint for these variatlons, The
results obtafned, however, may, &lsg be Inters
preted’ as antfgents dlfferences among thy
preparatans. 0 °

Skin testé of LGV patients R .

.

An attempt was made to dafine the relatfons
ship of cab scratch disease to the psitb-LGV
group of agents by skin-testing known positive
LGV patlents. Accordingly, arrangements
were made $o fest LGV patients«with eat

‘scratch and Frel antigens, In addition,
CF tests with the psitt-LGV group antigen
were performed on the serum from thece indie
viduals {table IV). All 5 patients, 4 of which
were Fei-positive, reacted én the GF Yest with
titers greater than 3210, with a high of 3§160s
#'hg skin reactfons with the cat scratch antigen
werq not eonclusive$ only 1 patient responded
to cab scratch materfal with a clearly defined
@

]
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TABLE IV

Lab scratch skin tests, Frei lests, and
complement-fization results on
lymphoymnuloma venereum patzents

-Pnti_gnt {  Catscratch Fref 7 ¢F
No. skin reaction . test test,
1 L] L 3160
2 & - 1:160
3 - + 1180
4 ko + b %20
8 - X 10

*Negative until the seventh da® and then positive.

area of erythema, 'The results on 2 patlent®
werg negative and on 2 others, questionable,
Very .rarely are questionable reactions ob«
gerved inasmuch as any area of erythema is
considered positive, It Is interesting to.note
that 1 patient with a questionable cat scratch

-gkir’ test was negative with the Frei antigen

but had signifiéant demonstrable antibody to
the CF, group antigen, One may speculate,
since definitive Information is not available,
that the Frei test was negative as seen in early
tased or perhaps reversed as observed follow-
Ing cortisone theérapy. The other questionable
patient may have been a case of delayed sensi-
tlvxty in response to the skin-test material,

P V| is redction would be similar to those reported

by McGovern et al, (11) in which induration
and erythema were not observed until 5 to 9
days after administration of the skin testy

DISCUSSION

In favor of a refatlonship between cat
seratch disease and the psitt-LGV group of
agents fs the contnued relatively high inci-
denca of patients demonstrating antibodies "o
the group antigen$ the consensus among labora-
tories reporting CF results indicates a greater
drequency of group antibodies among cat
scratch patients than among control groups
ftable V)e In certain instances the numbers
favolved are too small to be significant. It is
apparent, however, that there is generally a

®

6

® draw significant conclusions,

greater e frequency of reactions among cat

‘scratch patients thafi among normal persons.
" 'If, on.the other. hand, the.antigenic relation-

ship were close to that of the psitt-LGV -group
of agents, then one would be tempted to expect
a still greater prevalence of antibodies, as well
a8 a greater number of individuals demonstrato
fng fourfold [or higher) antibody increases,
*among the patients, - Furthermiore, few of the
reporting laboratories indicatq antibody e
creases when performing serologie tests on
serums of patients with cat seratch diseases
Apparently most laboratories are satisfied with
the mera demonstration of antibody rather
than the conventionally accepted fourfold antie
body rise, It is recognized that cat scratch
disease Is a chronic-type illness, and often the
physician does not see the patient until late in
the clinical course of the disease, I{ would
appear, howevery that the number of cases with
demonstrable antibody changes are fewer than
should be expected. Greater numbers of Tndie

-viduals with- antibody would alsq bg expected

as more time would have elapsed permitting
development of the antibodies, In contrast, the
majority of patients with positive skln tests
do not manifest this CF reactivity. It is cone
ceivable That individuals with a CF response
have been in contact with an agent antigenis.
cally velated to the psitt-LGV group. This
agent, although related to the psitt-LGV group
of viruses, may at the same time be one of
several comprising the cat scratch disease
etiologic spectrum. The CF reactions may not
be primary reactions, but anamnestic, owing
to the presence of an antigen (or antigens)
common to the psitt-LGV group; or the
reactions may conceivably be nonspecifice

The attempt to obtath further tnformation
on this relationship between cat scratch disease
and the psitt-LGV group of viruses by skine
testing LGV patients was not too rewarding,
The number of patients involved was too small
for clarification of the relationship, Larger
n.mbers are obviously necessary in order to
It is recognized
that cat scratch patients do not respond to the
Frei antigen. The results reported here reveal
that a number of LGV patients do not react to
cat scratch antigen in skin tests.
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TABLE V

Literature results on cat seratch disease watients tested for CF a’htibody
to the psitli-LGV group of viruses

Source of Number Number Percent
Investigator gerums tosted positive positive*
Manning and Reid (9) Patients 86 8 23.0
Pos. path, 10 (] 60.0
Neg. skin test 44 0 0.04
Controls 204 4 2.0
Armstrong et al. (8) Patients 40 8 200
Controls 1 8 11.3
Mollaret et al. (5) Patients 43 20 46.5
Daniels and MacMurray (2) [ Patients 12 3 25,0
Kalter et al, (3) Patients 22 7 31.8%
Morrissey (10) Patients 10 7 70.0
. . Gifford (12) Patients 4 1 28.0§
Neg. skin test 5 2 40.0
' Waters et al. (13) Patients 4 2 50.0
Spaulding and Hennessy (4)| Patients 39 14 35.9
N Controls 120 0 0.0
Kalter (present study) Patients 170 44 25.8
Controls 200 [ 3.0

*A titer of 1:10 or higher,
tOne individual had a titer of 1:5,
1Five individuals had a titer of 1:5.

§Veterinarians,

Additional difficulties arise when attempt-
ing to employ the skin-test antigen as an aid
to final diagnosis. Most noteworthy are the
variations in response of patients to different
preparations of test antigen. Individual varia-
tion to skin-test material has become well
recognized. This material is usually so limited
in quantity, however, that it has been imprac-
ticable to attempt a detailed evaluation.
McGovern and co-workers reported that their
patients reacted positively with all antigens
employed but varied as to intensity of the
erythema. The data reported here, while still
limited, disclose nct only variation in intensity
of reaction among patients, but also the com-

plete failure of certain individuals to respond
to one or another of the test preparations. The
differences observed in the comparative test-
ings suggest also that more than one strain of
“virus” may be encountered. One antigen
preparation (No. 4) was discarded after tests
on 8 individuals were negative (the donor was
not available). In retrospect, more extensive
testing of patients may have yielded results
similar to those observed with other lots
(Nos. 7 and 11). The recent report (7) of a
hemagglutination test, if confirmed, may help
to differentiate the variations noted above.
It would be interesting to correlate serologic
responges with reactions to skin tests.



Final clarification of this problem awaits
_solation of a specific agent or at_ least a
serologlc test capable of detecting antibody
changes. - The data described here suggest that
-more-than -one-agent-is responsxble for this
digease.. If one agent is responsible; then the
antigenie relationship between strains is prob-
ably quite remote. Continued study of the
disease entxty, especially the diagnostic con-
siderations, is necessary. “For practical pur-
poses, it is8 now suggested that antigen pools
be used for skin testing in order to diminish
the probability of negative reactions.

CONCLUSIONS

The results reported here on the serologic
responses of patients with cat scratch disease
to the psitt-LGV group antigen substantiate
those previously described. A group of 130
patients, positive to skin tests, demonstrated
& 23.1 percent CF antibody response to the
group antigen. This figure is consistently
higher than those obtained (or reported) for
normal control groups. In addition, variations
in skin-test reactions were observed with dif-
ferent preparations of test antigen. These

L]

variations extended from complete failure to
produce an area of.erythema to-marked differ-

-ences in size of the wheal. Because of. _the

extreme variation in -reactivity, it is recom:
mended “that skin-testing antigen be derived
from pooled material in order to decrease the

probability of obtaining this variable response.

The response of a certain number of pa-
tients with production of psitt-LGV group
antibodies, and the marked variation in re-

- sponse to different preparations of skin-test

antigen observed in other patients, suggest the
possibility that more than one agent is responsi-
ble for the syndrome referred to as cat scratch
disease. Antigenic overlapping with the psitt-
LGV group may account for the relatively high
incidence of serologic reactivity among patients
having cat scratch disease. °

@
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